We create a transient Bragg grating in a high harmonic generation (HHG) medium using two counterpropagating pulses. The Bragg grating disperses the harmonics in angle and can diffract a large bandwidth with temporal resolution limited only by the source size.
Production of high harmonics in a strong laser field is caused by atomic ionization followed by laser-driven propagation and coherent electron-ion recombination [1] [2] [3] . In high harmonic spectroscopy (HHS), one uses the harmonic amplitude and phase to gain information about the electronic quantum state of the source molecules or atoms [4] [5] [6] . For example, HHS has been utilized to demonstrate multiple orbital contributions to the harmonics [7] [8] [9] . The HHS technique could be extended in principle to transient processes on photoexcited electronic states that play a crucial role in photochemistry. However, such processes are weak-field phenomena, which limits the overall excited state population and the HHS sensitivity to the excitation.
Transient gratings are generally applied in the IR to UV range to increase the sensitivity of measurements to the excited atomic/molecular states. Two excitation pulses, intersecting under an angle α, create an excitation grating in the sample while a third (probe) pulse is diffracted from the grating. The diffracted signal has high sensitivity to excited state dynamics [10, 11] . This technique has been successfully transferred to the high harmonic domain [12, 13] , using a very small angle α between the intersecting grating pulses. This resulted in a spatially modulated HHG signal from the probe pulse. The sidebands showed increased SLAC-PUB-14092 2 excited state sensitivity and consisted of several harmonics, all spatially overlapped.
In this paper we present a different transient grating scheme in which the harmonics are not only deflected into a sideband, but are also dispersed in angle within a diffraction order, to enable HHS analysis. This is achieved by enlarging the angle α to 180 
The probe beam is focused into the interaction region so k p is distributed over a range of angles, allowing Bragg diffraction of several harmonics at different angles. In order to resolve diffracted harmonics, the divergence of a single harmonic Bragg peak must be smaller than the separation of neighboring harmonic Bragg peaks. is only along the nodes of this grating (x=±0.2,±0.6 µm in Fig. 3A ) that a forward-traveling wave exists with constant intensity along the propagation direction. At the antinodes, the field superposition results in an egg crate-like intensity pattern with half wavelength periodicity (x=0,±0.4,±0.8 µm in Fig. 3A) . Efficient high harmonic phase matching is only achieved in regions of the grating where the intensity modulation along the propagation direction is small [15, 16] , which means that no harmonics can build up along the grating antinodes.
We have calculated the macroscopic harmonic signal from an argon gas jet in a transient grating configuration similar to that of Fig. 3A , by periodically lowering the argon density in the anti-nodes of the grating. We solve the coupled wave equation and time-dependent Schrödinger equation, within the strong field approximation [17, 18] , with one transverse dimension to allow the description of the probe beam incident at a non-zero angle. With the reduced dimensionality a Gaussian beam focuses more slowly. Thus, for best comparison with the experimental setup, we choose a slightly smaller focal diameter (28 µm) and slightly larger confocal parameter (2.6 mm). To achieve the same range of harmonics in the Bragg peak, which is determined by the beam divergence, we choose a smaller incidence angle of 37 mrad. Figure 3B shows the far field spectral-angular distribution of harmonics generated by a 30 fs, 2.3×10
pulse. Figure 3C shows the spectrally integrated angular distribution, which offers a more direct comparison to and shows good qualitative agreement with the experimental result in Fig. 2A . It is clear from the calculation that the harmonics are well resolved in angle and that the different peaks in the angular distribution can be assigned to different harmonic orders. We find that the angular separation is directly related to the spectral separation of the harmonics, so that shorter pulses or higher intensities can lead to more angular blurring [19] . The angular distribution in the calculation is slightly offset from the Bragg prediction (circles in B) and the offset increases with order. We attribute this to a dipole phase matching effect which is likely exaggerated in one transverse dimension. We will explore this further in a forthcoming publication.
Our results indicate that we have both temporal and spectral resolution from the Bragg grating. The diffracted bandwidth is wide enough to identify the relatively sharp structural minima from molecular electronic wavefunctions in HHS [20] . Apart from the use in HHS, the high efficiency will also allow the scheme to be useful for switching the angle of an HHG output within a short time interval. We thank J. P. 
